In the framework of the ORAMED project (Optimization of RAdiation protection for MEDical staff ), funded by the European Union Seventh Framework Programme, different studies were aimed at improving the quality of radiation protection in interventional radiology and nuclear medicine. The main results of the project were presented during a final workshop held in Barcelona in January 2011, the proceedings of which are available in the open literature. One of the ORAMED tasks was focused on the problem of eye-lens photon exposure of the medical staff, a topic that gained more importance especially after the ICRP decision to lower the limiting equivalent dose to 20 mSv per year. The present technical note has the scope, besides briefly summarising the physical reasons of the proposal and the practical implications, to provide, in tabular form, a set of air kerma to H p (3) conversion coefficients based on the adoption of a theoretical cylindrical model that is well suited for reproduction of the mass and the shape of a human head.
INTRODUCTION
In the framework of the ORAMED project (Optimization of RAdiation protection for MEDical staff), funded by European Union (1) , different studies aimed at improving the quality of radiation protection practices for the exposed operators were carried out.
Among the topics treated by ORAMED, one was concerned with eye-lens dosimetry, to which special attention was devoted (2) recently, after the statement issued by ICRP, proposing to reduce the corresponding limit for occupational exposure from 150 to 20 mSv per year. This decision, taken after the final ORAMED workshop was held, was substantially highlighting one of the main topics treated during the ORAMED project: implementing the H p (3) operational quantity in the operative practice to better assess doses to the eye lens.
A central part of the ORAMED work on the topic, preceded by other investigations (3, 4) , was the introduction of a new right cylindrical phantom (20 cm in diameter and 20 cm in height) in its theoretical version (ICRU-4 elements tissue-equivalent material) for the evaluation of H p (3) conversion coefficients and its corresponding poly-methyl-methacrylate (PMMA) water-filled experimental version for type test and calibration purposes (5, 6) . Some general comparisons between the new photon H p (3) coefficients and the radiation protection quantities H eye lens were already presented during the ORAMED final Workshop (7) , the proceedings of which recently appeared in a special issue of radiation measurements (8) . The scope of this paper is to provide a complete tabulation of H p (3)/K a and their angular dependence factors, for use in the radiation protection practice.
THEORETICAL DISCUSSION OF H P (3) OPERATIONAL QUANTITY IN ORAMED
A dosemeter designed in terms of the H p (3) quantity and consequently calibrated on the most appropriate phantom should be able to estimate as better as possible the eye-lens equivalent dose. It means that it should provide a conservative estimate of the eyelens dose without excessive overestimation.
The choice of a suitable theoretical phantom should be based on physical considerations on the scattering properties of this phantom compared with the head. It seems, therefore, intuitive that the phantom proposed until now, i.e. the trunk phantom made of 4-element ICRU theoretical material of 30Â30Â15 cm 3 , is not a good solution to achieving an optimised procedure for eye-lens dosimetry. In fact, the dimensions of such a phantom (13 500 cm 3 ) are far larger than a real head volume ( 6300 cm 3 ) with an associated larger quantity of tissue available as a scatterer of the incident radiation.
Secondly, a thickness of 15 cm is too small to represent the head and this leads to unphysical lack of shield in a PA irradiation (notwithstanding the fact that eye-lens exposure could be of concern only for front irradiation, the PA component contributes to the rotational exposure also for the eye lens, in case this has to be taken into account).
Thirdly, the presence of the edges leads again to unphysical effect at large incident angles, already criticised also for H p (10) that exhibits a sharp drop at a 908 impinging radiation incidence. Of course, according to the choice made by the MIRD Committee, the best simple structure could be an elliptical cylinder, but this choice seems to be rather unpractical especially from the point of view of the possible corresponding calibration phantom.
A reasonable compromise, in compliance with the mass under study and the shape, was a right cylinder of a 20-cm diameter and a 20-cm height. A smaller diameter could have been proposed, but the decision was taken on the basis of two considerations: † Establishing a head simple model, taking into account the presence of the bone structures besides the only soft tissue. As the theoretical model is composed only of soft tissue, a slightly larger diameter might compensate for the higher interaction properties of the bone, contributing both to absorption and to scattering. † Easy and cheap fabrication-a concern was based on the fact that a suitable PMMA cylindrical shell could be easily commercially found with no need to look for unusual dimensions and shapes that could increase the cost very significantly.
The problem was investigated through Monte Carlo modelling. The codes MCNP5 (9) , PENELOPE idem (10) and MCNPX idem (11) were used to obtain the conversion coefficients. The phantom was simulated as a 20 cm height 20 cm diameter cylinder of 4-element ICRU tissue (10.1 % H, 11.1 % C, 2.6 % N and 76.2 % O) with a mass density of 1.0 g . cm 23 . The calculation of personal dose equivalent at a 3 mm depth was performed in vacuo with an expanded and aligned field both in kerma approximation and with full electron transport. Because 3 mm is nearly the maximum range of electrons generated by 1MeV incident photons in ICRU tissue, the difference between the two approaches becomes evident beyond this energy (6, 12) .
AIR KERMA TO H P (3) CONVERSION COEFFICIENTS
H p (3) was calculated at a depth of 3 mm below the phantom surface in a set of 40 scoring volumes. The values were evaluated with MCNP5 and PENELOPE.
Monoenergetic photons were transported with source energies from 10 keV to 10 MeV, in an aligned and expanded field: a series of 31 monochromatic photon beams and 15 different incident angles were analysed (Table 1) .
Owing to the cylindrical geometry, all the angledependent coefficients were calculated in the same run. The scoring volumes were cylindrical segments azimuthally placed at every 15 8 increment across the cylinder midplane, with a 0.5 mm thickness, 5 cm height and a 0.4 8 aperture. Particular attention was devoted to the evaluation of photon-electron non-equilibrium at a 3 mm depth occurring for source photons of energies above 1 MeV.
Depending on the primary energy and incident angle, the statistical precision of the Monte Carlo results spanned within 0.2-0.5 % at one confidence level.
A complete tabulation of the conversion coefficients H p (3)/K a is provided in Tables 2 and 3 . The values reported are the averages between the PENELOPE (with its own database) (10) and the MCNP5 (with photon library mcplib04 (13) ) values. The fluence to air kerma conversion coefficients were calculated employing the same sets of cross sections used for the transport calculation in the cylindrical model.
IMPLICATIONS FOR THE DOSEMETER TYPE TEST AND CALIBRATION
As stated by ISO 4037-3 (14) , a calibration phantom should reproduce as better as possible the absorption and scattering features of the part of the body on which the dosemeter is worn. In order to perform an accurate eye-lens dose assessment, the dosemeter should be placed near the eyes. That implies the need for the adoption of a calibration phantom reproducing as better as possible the shape and the mass of the head. This consideration motivated the present proposal of a simple cylindrical phantom.
The adoption of a corresponding PMMA waterfilled cylindrical phantom will be a consequence of the present proposal with its implications for the type testing and calibration criteria for eye-lens dosemeters (15) . 
CONCLUSION
The aim of the paper was to provide a set of conversion coefficients that could contribute to improving the overall quality of eye-lens dose assessment procedures.
In this framework, a cylindrical numerical model was proposed. Photon H p (3)/K a conversion coefficients were calculated and presented in a tabular form. 
